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SCIENGE.

The Powsr of Movement tn Planfr. By
Chailes Darwin, LL.D., F.R.8. Assisted
by Franeis Darwin. With Illustrations.
(Mu=ray.)

TaEe sum and substance of this book, which,

like all of Mr. Darwin’s, contains a great mass

of facts and peneralisations, is circomaute- &

fion ; cll the various movements of different
parts of plants being modifications of that
phenomenon., This word stands for a ciren-
larly bewing motion of an organ, by which it

deseribzs irregular ellipses, loops, or sigzags, §

a8 it is suecessively directed towards all points
of the compass. The canse is an increased
turgeseence on the convex side of the organ,
| which Bgmuedes growth, and which is then
| followed by a similar turgescence on the other
gide. If there be a pulvinws, which consists
of an iggregation of small cells arrested in
their development, then the increased tur-

gescence of the cells on opposite sides is not 8

followed by growth, and the organ can conse-

quently circumnutate for much longer periods. 8

“0On the whole,” Mr. Darwin says, * we may
at present conclude that inereased prowth, first
on one side and then on another, is a sesondary

effect, and that the inereased turgescencs of the &

cells, together with the extensibility of their
walls, is the primary eauss of the movement of
| ciroumnutation ™ (pp. 2, 3} g

The work containg mines of wealth of :

THE ACADEMY.

obgervations on eirenmnutation, based on the
most minute and eareful experiments upon
the movements of radicles, * hypocotyls”
and “epicotyls” of seedlings; also upon
flower-stems, stolons, and leaves ; the ““hypno-
tropic ' or sleeping states of leaves beng also
broughs about by modified circumnatation,
The motions of climbing plants, and the
influences of light, gravity, and other #imuli,
are fully discussed in their bearings upon the
snhjret, ;

Commencing with radicles, we leam that,
a3 soon as the tip bas protruded from & seed,
it begins to circumnutate, the use apparently
being to aid it in penetrating the soil, by
guiding it along the lines of least remstance,
and especially into cracks, worm-burrews, &c.
Mr. Larwin observes that * geotropism,”
which is a weak force, does not give a radicle
sufficient power to penetrate the ground, but
merely tells it which eourse to pursuz. The
actual penetration is due to the forces of
longitudinal and transverse growth. An
ingenious contrivanas for growing radicles in
cireular holes eut in split pieces of wood or in
wooden clips connected by a spring showed
that the force exerted in the first case, as a
transverse strain, was probably more than
8 1bs. § oz, and in the latter case 3 1bs. 4 oz.;
while the apex inereased in length with a
force ejual to at least a quarter of a pound.
I would venture to suggest a possible source
of errar in the experiment with the pincers,
for they only show the least amount of force
requisite to open them to a stated distance.
There ‘s nothing to show that, if the spring of
the cliv had been thres times greater than it
was, the radicle could not have just 1s easily
opened them to the same distance, for it
might have possessed, and probably did pos-
sess, much greater transverse power ; but, the
diametsr of the radicle af any point not in-
ereasing beyond the requirements of growth, it
conld not possibly widen the clips to the full
extent of the power possessed. The result of
these forces is that the radicle acts like a
powerful wedge driven slowly into a erevice
and expanding simultaneously.

The anthor then describes how the arched
“ hypeeotyls *” (an abbreviation for * hypoco-
tyledopary axes”) and ‘‘epicotyls,” or
develosing plumuies, rise up and Dreak
through the soil by means of their circum-
nutation, assisted by apngen:mpmql—that is,
as far as the resisting medium will allow of
it. The cotyledons are also in constant

| motion, risng once up and once down in
| the course of twenty-four hours in a vertical
| plane. Some cotyledons, like leaves, are
| provided with a pulvinus, and Mr. Darwin

finds that the difference between the move-
ments induced by the aid of pulvini and
without sueh aid is due to the expansion of
the cells net being followed . by growth inthe
first case and being so followed in the latter.
The tissues of the pulvinus are arrested, end,
consequently, the movements of pulvinsted
cotyledons last much longer than of those
without a pulvinus, Cotyledons are affected
¢ puratonically” by light—that is, their

{| daily periedic movements are greatly and

quickly disturbed by changes in its intensity
or by its absence, showing that their move-
ments are nob governed by the actual amounﬁi

8 but by changes in the intensity or degre2 o

i ——————
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light. Mr. Darwin next deals with the sensi-
tiveness of the apex of the radicle to contact
of solid bedies or to other irritants. An ob-
ject which yields with the greatest ease will
deflect a radicle. That of a bean encounter-
ing the polished surface of extremely thin
tin-foil ladd on soft sand made no impression

% on it, but yet was deflected at right angles; g

while the curvature of the upper part extended
for a length of 8 to 10 mm. The results of
Mr. Darwin's experiments werg that the apex
wad sensitive to contact, and that an effect
was transmitted to the upper part of the
radicle, which was thus exeited to bend away
from the touching object. Sachs discovered
that the radiele, a littla above the apex, is
sensitive, and bends like a tendril fowerds a

# touching object. But when one side of the

apex is pressed by any object the growing

i part bends away from the object, and this,

Mr. Darwin observes, seems to be a beautiful
adaptation for avoiding obstacles in the soil,
This, too, appears to be the only kmown

§ instance of an organ bending away from an

objeet in contact with it.

An exquisite series of experiments was
made by affixing cards, thin glass, &, to
the tips of radieles, which consequently curved

¥ away towards the opposite side—in some cases &

to such an extent as to make complete Loops

or even knots! The motion is affected by &8
different degrees of temperature; and so§

small a force as the two-hundredth part of a

grain sufficed to excite movements in some §

radicles of the bean. Hadicles are also sensi-
tive to prolonged irritation, without any
objects being permanently fixed upon them ;
and, in eomparing effects of an irritant with
geotropism, the author found that

“ the initial power of an irritant on the apex §

of tha radicle of the bean is less than that of

geotropism when acting at right angles but ]

greater than that of geotropism when acting
obliquely on it ” (p. 154).

Mr. Darwin found dry caustic to produce
gimilar effects. He also discovered that

“ g thin slice removed by a razor from one side

of the conical apex of the radicle causes irita-
tion, Like that from an attached object, and
indness enrvatnre from the injured surface *
(p. 150).

Sachs has shown that pressure at the distance
of a few millimitres above the apex caunses
the radide to bend, like a tendril, towards
the touching ohject. Mr. Darwin corroberates
this, as alio another of Sachs’ discoveries, that

the radicles of many seedling plants bend §
towards an adjoining damp surface. This§

peculiar form of sensitiveness resides in their
tips, whieh then transmit some influence to
the upper part, causing them to bend towards
the soures of moisture.

Mr. Darwin next describes the circum-
nutating movements of the several parts of
mature plants. A number were selected from
different orders, and especially woody plants,
as being less likely to have circomnutbating
stems, bat the result showed that it is a
universal phenomenon, the curves described

being more or less irregular ellipses, the
longer axes of which are directed to different
points of the compass, often interrupted by
zigzags, triangles, loops, &c. Stolons and
runners form no exception, though circum-
nutaling in a very complex manner, being so

great in amplitude as to be almost comparzble
to that of elimbing plants. They are thus
aided in passing over obstacles, &e,

With leaves Mr. Darwin found it to be so
general that he concludes it would not be
rash to assume that growing leaves of all
plants cirenmnutate, as is probably the case
with cotyledons, The seat of the movement
generally liea in the petiole, but sometimes
in the blade as well. The periodicity of the
movements of leaves is peculiar.  They
wenerally rise a little in the evening and the
early part of the night, and sink on the
following morning. It is determined by the
daily alternations of light and darkness.

After having described circumnutation as a
general phenomenon of growing organs mn the
fifch chapter,*the author enters upon the field
of * modified eircumnutation *—that is, where
this has become utilised for special purposes.
He had previously and elsewhere described
the processas of elimbing plants, and now only
observes that it is an amplified state of eircum-
nutation, probably due to a moderately
inoreased growth sproad over o considerabls
length of the moving organ, preceded by tur-

 gescence and acting successively on all sides.

Two chapters are devoted to a full and

d | apparently exhaustive discussion on the slesp

or nyetitrepic movements of leaves. These
conzist of the phenomena of an upward or
downward movement of leaves and leaflets,
of the folding along the mid-rib, of the
rotating on the pedicels, &ec., the general
result being either to protect the upper
surfaces by covering them one upon another,
by erowding the leaves together, or by placing
them vertically. In every case the objed is
to avoid the evil effects of radiation into the
open sky; for Mr. Darwin has proved that

" leaves eompelled to remain horizontally a4k

night suffr mueh more from radiation than
when placed with their edges vertical. One
would like to ask the question whether this
will aceount for the phyllodinous species of
acacia, as well as the gum-trees, having their

1| foliar organs so often vertical, instead of hori-

zontal, in Australia,

Movements excited by light and gravita-
tion ocenpy the next four chapters, while
the twelfth and last deals with a general
summary ind concluding remarks,

Heliotropic movements are determined by
the direction of light, while periodic move-
ments are effected by changes in its intensity,
and not by its direction. Mr. Darwin shows
that a heliotropic mnotion (towards light),
apheliotropie  (away from light), diahelio-
tropic (taking up a position transverse to
light), and paraheliotropic (avoiding intense
light) are 1l forms of eircumnutation ; thoagh
how the actual causes—themselves nob
always known—aet in producing these
effects is unknown ab present.

The maoner in which organs of plints
move towards a lateral light shows that it is
evidently the movement of circumnutation
which gives rise to or is converted into
heliotropism, &c. This view is borne out by
the existence of every possible gradation

|| between a straight course towards a lateral

light and a course consisting of a series of
loops and ellipses. The transmitted effects of

@ light are curipus. While observing the
| accuracy with which the cotyledons of
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